I. INTRODUCTION
Multiwavelength fiber lasers through nonlinear phenomena with fixed wavelength spacing shift have received more interest recently for potential applications such as optical sensor, wavelength division multiplexing (WDM) and transmission systems [1] [2] [3] . This laser can be generated through stimulated Brillouin scattering (SBS) [4] . Another type of gain medium such as Erbium-doped fiber used together to achieved higher gain for multi-wavelength generation [5, 6] . At room temperature the homogeneous gain of the EDF is necessary to suppress the mode hopping between the adjacent modes. Various methods have been proposed to obtain multiwavelength fiber laser, such as a semiconductor optical amplifier (SOA) inside ring cavity [7, 8] , and based on nonlinear (SBS) such as Brillouin fiber laser (BFL), Brillouin erbium fiber laser (BEFL) [9, 10] In recent years, many experiments have been carried out on BEFL with a stable constant channel spacing [11] . The line spacing based on the acoustic wave velocity which travels inside the medium. So, the values of Brillouin frequency shift are different according to the fiber material, such as around 0.08nm ~10 GHz for standard silica based fibers in the 1550 nm region [12] . Various efforts have been initiated to broaden the spacing to make demultiplexing process possible. In previous work, Shee et. al. tested a BEFL with 10 Stokes output at spacing of 0.17 nm (~20 GHz) using in the gain medium a spool of standard silica-based single mode fiber (SSMF) and a four-port circulator [13] .
In this paper, two locations of the EDF in the dual laser cavity have been studied at fixed Brillouin Pump (BP) and Pump power (PP) 6 dBm and 40 mW respectively. By putting the EDFA next to the BP, 15stokes lines with 40 nm tuning range were obtained, while 6 lines with only 2 nm tuning range was observed by putting the EDF next to the gain medium.
II. EXPERIMENTAL SETUP Figure 1 shows the dual ring cavity of BEFL structures for two different locations of EDF. Location A is next to HNLF and location B is next to BP. In general, the structures consist of 2 km HNLF as a gain medium, and four-port circulator.
The double Brillouin frequency shifter (DBFS) is important, which provides double Brillouin frequency shift [8] . Tunable laser source (TLS), which is used as the Brillouin pump is injected inside the cavity by optical fourport directional coupler (DC), with coupling ratio of 80:20 for both structures. A 9 m long EDF is pumped by 980 nm laser diode (LD) through wavelength division multiplexer (WDM) coupler, providing gain at C-band region for assisting the channels generation. The Erbium concentration of EDF that is used for both structures is 400 ppm, 875 nm cutoff wavelength and 0.22 numerical apertures with absorption of 3.6 dB/m. In Fig. 1 -A the EDF amplified all bidirectional signals that comes from port 2 to port 3 through HNLF or the Stokes signals which comes from port 2 to 3 through four port circulator. In Fig. 1 -B the gain of EDF amplifies the signal that comes from the 80% port of the coupler. Then, the amplified signal is injected into 2 km HNLF from port 1 towards port 2 of the four ports circulator. The HNLF plays as the Brillouin gain medium, which has 11.5W -1 ·km -1 nonlinear coefficient, 125 μm cladding diameter, 11.7 μm² effective area, and attenuation of 0.82 dB/km. The output spectrum is monitored though the 20% port of coupler. An optical spectrum analyzer (OSA) with resolution bandwidth of 0.02 nm is used to evaluate the output. Fig. 1 -A the Brillouin pump injected to a spool of the HNLF through the optical coupler and four port circulator to generate the first order stokes (BS1) and propagates in opposite direction of the BP towards port 2 then passing from port 3 to amplify through EDF block then returned to HNLF. When the BS1 power is amplified and exceeded the threshold condition, the second order signal (BS2) is generated in opposite direction of BS1. Once the BP power exceeds the threshold condition, the first Stokes signal BS1 is generated. It propagated in opposite direction to the pump signal. This odd Stokes (OS) signals is amplified by the EDF through an optical circulator to be sufficient to exceed the threshold condition and generate the even Stokes (ES) signals that oscillated in opposite direction to the odd Stokes signals. Then the generated even Stokes signal power will amplified through the EDF inside the cavity to be re oscillated through an optical coupler; port 3 to port 4, then port 1 to port 2 of an optical circulator.
For Fig. 1 -B, the BP power was amplified in an EDF block. Then, it was injected into the HNLF spool via four-port circulator. Once its power is sufficient and exceeds the HNLF threshold condition, BS1signal will be generated and circulates in opposite direction to the BP signal towards an optical circulator and passed to the HNLF at the far end corresponding the generated BS1. That means it has to oscillate in CCW direction in this cavity in which no amplification is occurred. In the same way, once the generated BS1 signal exceeds the threshold condition, the BS2 signal will be produced and propagates in CW direction (opposite of BS1 propagation).
These two double spacing cavities are tested under the same input power condition. Fig. 2 shows the laser spectrum of free running lasing cavity at 980 nm wavelength with a maximum power of 100 mW. Without BP, Structure A shows a clear shifting in selflasing cavity mode wavelength operations as compare to the structure B under the same conditions. That is due to the circulation of these modes inside both cavities. For each round trip, structure A exhibits high gain as the EDF block is inserted inside the cavity. The tuning range of BEFL structures is limited because the multiwavelengths generation is only efficient if the operating wavelength coincided to the free-running cavity modes. Thus, we obtain 3 nm in structure A while 40 nm in structure B as shown in Fig. 3 .
IV. RESULTS AND DISCUSSION
Hence, for these structures, the BP wavelength is launched in the BEFL system at the EDF peak gain wavelength. This step ensures an efficient generation of Stokes signals.
The tuning capabilities are investigated in structures A and B, when BP and the Erbium 980 nm pump powers was set fixed at 7 dBm, 40 mW respectively. In structure A, the tuning range was limited within 3 nm from 1559 nm to 1561 nm only as compared to wider tuning range that was achieved in structure B (40 nm). The number of Stokes lines is reduced as the BP wavelength is tuned away from the peak gain of EDF region. This findings show that the placement of EDF is very important to specify the characteristics of the laser output. Fig . 4 shows the double spacing BEFL Stokes lines at 7 dBm, 40 mW for the Bp and EDF pump power respectively. It is very clear from these results that the number of Stokes lines that are obtained in structure B was very high (15 Stokes) as compared to 5 Stokes signals in structure A. The reason behind that is that the lower order Stokes signal power will acts as a subsequent BP to generate the higher Stokes signal once its power exceeds the threshold condition. Therefore, in structure B, all the generated even Stokes signals will get a sufficient gain through an EDF before its passing through the HNLF. For structure A, the gain introduced in the EDF for even Stokes signal was attenuated by optical circulator and coupler. The effect of EDF location in two different dual-ring configuration of BEFL with 2 km HNLF, as a gain medium, is experimentally investigated.The EDF placement can play an important role in terms of tuning range and the number of generated Stokes lines. Subsequently, it can enhance the output performance of the laser. A compact double spacing multiwavelength BEFL with a high stability output has been optimized and realized by effective placing of EDF.
